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Abstract 
In this study, oil palm empty fruit bunch (EFB) and kenaf core fibers were converted into sugar for bioethanol production. 
Results of enzymatic hydrolysis showed that the untreated EFB and kenaf core fibers were hardly to be hydrolysed, in which 
yielded only 2.6% and 0.4% of reducing sugar (glucose), respectively. In consideration to environmentally friendliness, simple 
aqueous pre-treatments were carried out prior to hydrolysis aimed to increase sugar production. Based on the results obtained, it 
was interesting to note that by adopting merely water, acid and alkaline pre-treatments, the total glucose yields were increased to 
34.9%, 34.2% and 27.9% for EFB fiber, while 19.3%, 11.7%, and 12.6% for kenaf core fiber, respectively. The results of 
chemical composition analysis of pre-treated fibers indicated the increase of the sugar production was highly related to the 
removal of hemicellulose and/or lignin in the fibers. Between the two fibers, pre-treated EFB fiber attained the highest total 
glucose yield in all the pre-treatments. This revealed that EFB fiber was more viable for sugar production than kenaf core fiber.  
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1. Introduction 
Oil palm is an important crop in Southeast Asian countries and Malaysia is one of the biggest palm oil exporters 
in the world. Other than oil, the oil palm industry also generated various biomass residues within the palm oil mill 
and plantation area. Empty fruit bunches (EFB) fiber is one of the most abundant biomass generated after the 
extraction oil from the fresh fruit bunches; its amount is accounted about 15.8 Million ton per year. This indicates 
that the huge amount of EFB available in Malaysia is capable of providing a sustainable resource for the production 
of value-added fiber-based products, such as pulp and paper, fiber board and panels. Due to the depletion of fossil 
fuel, the interest of bioethanol production from lignocellulose biomass, such as eucalyptus, corn stover, rye straw 
and Bermuda grass is aroused [1, 2, 3]. Thus, instead of fiber-based products, EFB also shows a great potential in 
converting into cellulosic ethanol. Recent research has shown that EFB can be converted into glucose and xylose 
successfully for bioethanol production [4]. 
On the other hand, kenaf is a commodity crop grown in the temperate and tropical areas. Previous findings 
indicated that plantation of kenaf capable absorbs nitrogen and phosphorous that is present in the soil and, also 
accumulates carbon dioxide at a significantly high rate [5]. Therefore, it has been actively cultivated in recent years, 
especially for Malaysia. Since year 2009, due to its commercial and environmental advantages, National kenaf and 
tobacco aboard (NKTB) in Malaysia was established to introduce kenaf as a new crop to replace the plantation of 
tobacco. Wherein, the government allocated RM 35 million for the kenaf development project under the 9th 
Malaysia Plan (2006-2010) [6], Although the cultivation of kenaf was encouraged by the government to become the 
third commodity plant after rubber and oil palm in Malaysia, the cultivation did not meet with the expectation within 
the time frame. Hence, again, the government allocated RM 65 million for the kenaf cultivation project through the 
Plantation Industries and Commodities Ministry under the 10th Malaysia Plan (2011-2015). Under this plan; the 
kenaf cultivation was targeted to approach 5,000 ha by 2015 [7]. Kenaf, itself has been used as making into ropes, 
canvas and more recently, it is also a promising alternative raw material for pulp and paper industry. Generally, 
kenaf consists of an outer bast fiber and inner core fiber. Between these two fiber layers, kenaf bast fiber is suitable 
used for paper, textile and composite materials. In contrast, kenaf core fibers mostly make into absorbent materials 
[8].Therefore, in considering to its less application and huge availability after separated from kenaf bast fiber, kenaf 
core fiber can be used for bioethanol production. 
The production of cellulosic ethanol mainly consists of two processes – enzymatic hydrolysis and fermentation. 
Nevertheless, untreated lignocellulose biomass is hardly to be hydrolysed into sugar by enzyme. Previous findings 
have reported that the recalcitrant polymers such as lignin and hemicellulose, which are closely linked to cellulose, 
would hinder the accessibility of enzyme to the cellulose. Therefore, Tye and co-workers (2012 and 2013) [9, 10] 
have reported that by adopting merely water, acid and alkaline pretreatment, although only parts of the lignin and 
hemicellulose had been removed, the hydrolysability of kapok fiber was improved remarkably. Hence, taking into 
account of environmentally friendliness, three simple aqueous pretreatment via water, acid and alkaline pre-
treatments, were applied upon the empty fruit bunch (EFB) and kenaf core fibers as well in this study, with the aim 
of enhancing their saccharification during enzymatic hydrolysis.  
The two non-wood plant fibers were chosen in this study because their chemical compositions are similar to 
hardwood, but they are distinct in physical structure, wherein the EFB is in the form the vascular strand while kenaf 
core structure is analogous to hardwood. Thus, in this study, a comparison of enzymatic hydrolysability between 
EFB and kenaf core fibers before and after pre-treatments was carried out. Furthermore, a comprehensive discussion 
on the effect of different pre-treatments on chemical compositions of the EFB and kenaf core fibers in relating to the 
total sugar production was also presented.  
 
2. Methods 
2.1. Materials 
EcoFibre Bhd., Johor, Malaysia, supplied oil palm empty fruit bunch (EFB) in loose strand form whereas 
National Kenaf and Tobacco Board (NKTB), Malaysia provided ground kenaf core of variety 36 (V36) with the 
length of 3-6 mm.  The EFB fibrous strand was washed to remove oil and dirt. The air-dried EFB fibers were refined 
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to size of about 2-4 cm byAndritz Sprout Bauer refiner before carrying any pretreatment.  
2.2. Pretreatments 
Pre-treatments were carried out in a 4-L stationary stainless steel digester (NAC Autoclave Co. Ltd., Japan), 
which was fitted with a microcomputer-controlled thermocouple. Water, acid and alkaline pre-treatments of EFB 
and kenaf core fibers were carried out in different pretreatment conditions as shown in Table 1. Upon completion of 
the pretreatment, the pre-treated fibers were washed and spin-dried before stored in a fridge for further use. The 
yields were determined based on the weight of oven-dried fiber.  
               Table 1. Pretreatment conditions of EFB and kenaf core fibers 
Types of Pretreatment Liquid/solid ratio Temperature (°C) 
Time 
(min) Chemical charge (% v/v) Types of chemical 
Water 12:1 170 60 - - 
Acid 12:1 120 60 2.0 Sulfuric Acid (H2SO4) 
Alkaline 12:1 120 60 2.0 Sodium Hydroxide (NaOH) 
2.3. Enzymatic hydrolysis 
The enzyme used in this study was Celluclast 1.5 L (Novozymes A/S Denmark) with activity 70 FPU/ml. 
Enzymatic hydrolysis of untreated and pre-treated EFB and kenaf core fibers were carried out in 250 ml Erlenmeyer 
flasks containing 2.5% w/v, dry weight substrate concentration in 0.05 M citrate buffer, pH 4.8 and followed by 
cellulose loading of 70 FPU/g biomass. The flasks were then sealed tightly and incubated at 100 rpm, 50 °C for 48 h 
in the shaking water bath. After incubation, samples were boiled for 10 minutes to terminate the reaction and 
centrifuged at 4000 rpm for 10 minutes to remove unhydrolyzed residues. The supernatant was stored frozen (-4 ºC) 
until sugar analysis by HPLC (high-performance liquid chromatography).  
2.4. Chemical composition analysis 
The untreated (original) and air-dried pre-treated biomasses (EFB and kenaf core fibers) were milled into small 
particle size that can pass through 2.0 mm pore-size sieve for chemical composition analysis. The chemical 
composition analyses were carried according to the followings standard procedures: Extractive content 
determination-TAPPI 204 cm-97 with minor modification, in which ethanol-toluene was used as extraction solvent, 
Klason lignin content determination-TAPPI 222 om-02, Hollocellulose content was determined according to 
procedure proposed by Wise et al. (1946), α-, ß- and γ-cellulose content determination-Japanese Standard Method 
JIS 8101) and Carbohydrates content determination-TAPPI 249 cm-00. Besides, the holocellulose was used for 
carbohydrate analysis by gas chromatography (GC). The GC was equipped with a flame ionization detector (FID) 
and 30 m x 0.25 mm x 0.25μm DB-225 column (J&W Scientific, Folsom, CA, USA). The GC oven was 
programmed at a constant temperature of 220 ºC with a holding time of 30 min, helium was used as carrier gas with 
flow rate of 25 ml/min, split ratio of 50:1, and sample size of 1 μl was injected. 
The reducing sugar in the enzymatic hydrolyzates was determined by a high-performance liquid chromatography 
(HPLC). The HPLC system (Agilent Tech. 385-ELSD) was equipped with a Hi-Plex Ca column (300 mm x 7.7 
mm). Distilled-deionised water was used as the eluent with a flow rate of 0.6 ml/min.  Prior to injection, the 
supernatant was filtered by a 0.22 μm syringe filter. Next, 20 μl of the sample was loaded. The glucose content was 
calculated according to calibration curves plotted with standard glucose.   
3. Results and discussions  
3.1. Enzymatic hydrolysis of untreated fibers 
According to Table 2, the cellulose content, as the summation of α- and ß-cellulose contents, of EFB fiber was 
56.0%, while the hemicellulose content, which was quantified as γ-cellulose, was accounted to 44.0%.  
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Table 2. Chemical composition and enzymatic hydrolysis of untreated and pre-treated EFB fiber 
 Untreated  
EFB fiber 
Water pre-treated 
 EFB fiber 
Acid pre-treated 
EFB fiber 
Alkaline pre-treated 
EFB fiber 
Chemical composition of EFB fiber:     
Liquor pH - 2.98 0.62 12.81 
Solid yield (%) 100 51.1 53.0 53.8 
Holocellulose (%) 88.1±1.0 67.8±2.4 69.7±0.3 87.9±1.0 
α-cellulose (%) 56.0±0.5 72.6±0.4 69.3±0.6 57.1±0.1 
ß-cellulose (%) <0.1±0.0 20.4±0.3 25.7±1.0 3.9±0.2 
γ-cellulose (%) 44.0±0.2 7.0±0.1 5.0±0.4 39.0±1.0 
Klason lignin based on:     
pre-treated substrate weight (%) 15.1±0.1 21.1±1.9 31.4±0.2 8.7±0.2 
untreated substrate weight (%) 
Carbohydrates (GC analysis):  
15.1±0.1 10.8±1.0 16.6±0.1 4.7±0.1 
Glucose (%) 56.2±0.7 93.2±0.1 95.0±0.4 61.0±0.1 
Xylose (%) 38.9±0.7 2.2±0.1 0.9±0.0 32.8±0.7 
Others sugara (%) 4.9±0.1 4.7±0.1 4.1±0.4 6.1±0.8 
Calculated glucose total contentb (%) 47.8 63.2 66.2 54.6 
     
Enzymatic hydrolysis of EFB fiber:     
Theoretical glucose concentrationc (g/L) 11.95 15.80 16.55 13.65 
Glucose yield (HPLC analysis) (g/L) 0.66±0.1 17.05±0.77 16.15±0.14 12.98±0.41 
Glucose yield based on:     
theoretical glucose concentrationd (%) 5.5 >99.9 97.6 95.1 
pre-treated substrate weighte (%) 2.6 68.2 64.6 51.9 
untreated substrate weightf(%)   2.6 34.9 34.2 27.9 
aOthers sugar: arabinose, mannose, galactose 
bGlucose content based on GC test (%) x Holocellulose content (%) 
c Initial sample concentration (25g/L) x Calculated total glucose content (%) / 100  
d = Theoretical glucose yield (%) = Glucose yield (g/L) / Theoretical glucose concentration (g/L) x 100 
e = Enzymatic saccharification yield (%) = glucose yielded (g/L) / Initial sample concentration (25 g/L) x 100 
f = Total glucose yield (%) = Enzymatic saccharification yield (%) x solid yield (%) 
Table 3. Chemical composition and enzymatic hydrolysis of untreated and pre-treated kenaf core fiber 
 Untreated kenaf 
core fiber 
Water pre-treated 
kenaf core fiber 
Acid pre-treated 
kenaf core fiber 
Alkaline pre-treated 
kenaf core fiber 
Chemical composition of kenaf core fiber:     
Liquor pH - 3.92 0.64 13.74 
Solid yield (%) 100 59.8 57.2 56.5 
Holocellulose (%) 81.8±0.7 55.9±0.8 58.4±0.3 73.3±0.4 
α-cellulose (%) 50.9±1.2 84.1±2.5 80.6±0.7 72.5±1.0 
ß-cellulose (%) 1.9±0.4 10.9±2.0 15.4±1.6 2.2±0.2 
γ-cellulose (%) 47.2±0.9 5.0±0.5 4.0±0.9 25.3±0.8 
Klason lignin based on:     
pre-treated substrate weight (%) 20.3±0.2 42.1±2.4 49.0±0.0 28.3±1.0 
untreated substrate weight (%) 
Carbohydrates (GC analysis):  
20.3±0.2 25.2±1.4 28.0±0.0 16.0±0.6 
Glucose (%) 66.4±0.6 95.0±0.4 96.1±0.4 76.5±0.7 
Xylose (%) 26.6±0.6 1.5±0.0 <0.1±0.0 18.7±0.2 
Others sugara (%) 7.92±0.41 3.5±0.3 3.9±0.4 4.8±0.6 
Calculated glucose total contentb (%) 54.3 53.1 56.1 56.1 
     
Enzymatic hydrolysis of kenaf core fiber:     
Theoretical glucose concentrationc (g/L) 13.58 13.28 14.03 14.03 
Glucose yield (HPLC analysis) (g/L) 0.1±0.02 8.06±0.15 5.13±0.15 5.58±0.1 
Glucose yield based on:     
theoretical glucose concentrationd (%) 0.7 60.7 36.6 39.8 
pre-treated substrate weighte (%) 0.4 32.2 20.5 22.3 
untreated substrate weightf(%)   0.4 19.3 11.7 12.6 
aOthers sugar: arabinose, mannose, galactose 
bGlucose content based on GC test (%) x Holocellulose content (%) 
c Initial sample concentration (25g/L) x Calculated total glucose content (%) / 100  
d = Theoretical glucose yield (%) = Glucose yield (g/L) / Theoretical glucose concentration (g/L) x 100 
e = Enzymatic saccharification yield (%) = glucose yielded (g/L) / Initial sample concentration (25 g/L) x 100 
f = Total glucose yield (%) = Enzymatic saccharification yield (%) x solid yield (%) 
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The results of carbohydrate analysis by gas chromatography showed that the glucose content of EFB fiber 
approached 60% sourced from cellulose and hemicellulose. The rather high glucose content indicated that, like other 
non-wood biomasses, EFB fiber is a promising substrate for the production of cellulosic ethanol [9]. Another 
advantageous feature of EFB fiber was, in comparison to other biomass; it contains relatively lower Klason lignin 
content (< 20%) [11]. However, the result of enzymatic hydrolysis showed that the hydrolysability of the untreated 
EFB is very low; it released merely a small amount (0.66 g/L) of reducing sugar (glucose) and accounted to only 
2.6% of glucose yield per weight of untreated fiber.     
On the other hand, the cellulose and hemicellulose contents of untreated kenaf core fiber were 52.8% and 47.2%, 
respectively (Table 3). Similar to EFB fiber, the glucose content of kenaf core fiber was exceeded 60% and thus, it 
is also a potential substrate for the cellulosic ethanol production. The Klason lignin content of kenaf core is slightly 
higher than that of EFB fiber, which was approximately 20.0%, nevertheless; it was still verified lower than that of 
other biomass [11]. Possibly, due to the higher Klason lignin content, the untreated kenaf core fiber was more 
difficult to be hydrolysed by enzyme; it released only 0.1 g/L of glucose, which was corresponding to 0.4% of 
glucose yield per weight of untreated fiber. 
3.2. Effect of aqueous pretreatments on EFB fibers’ enzymatic hydrolysability 
Table 2 shows that the enzymatic hydrolysis glucose yield (based on HPLC analysis) of all the pre-treated EFB 
fibers was improved remarkably. Obviously, all the three pre-treatments caused an increase of the cellulose and 
glucose contents of the EFB fibers. Since the cellulose and glucose contents of all the pre-treated fibers were the 
same and thus, all the glucose content might wholly contribute from the cellulose but not by the hemicellulose. 
Hemicellulose is in amorphous structure, and it has a much lower degree of polymerization (~200) than cellulose 
(>5000) [12], so it was easily to be hydrolyzed and removed during pre-treatments. Hence, the decrease of 
holocellulose content after pretreatment was mainly attributed by the removal of hemicellulose (γ-cellulose) content, 
since the holocellulose is the combination of cellulose and hemicellulose. 
Among the three pretreated EFB fibers, water and acid pretreated fibers underwent a removal of hemicellulose 
more than 84.0%, which remained only 5-7%, whereas alkaline pretreated fiber still retained a very high 
hemicellulose content of 39%. This phenomenon was basically due to hemicellulose degraded more readily under 
acidic medium than alkaline medium at an elevated temperature. Nevertheless, alkaline pretreatment was more 
capable of removing lignin, wherein it removed about 42.4% of the lignin content. On the other hand, it was found 
that the lignin content of the water and acid pretreated fibers was higher than that of the untreated one (15.1%). This 
occurrence was basically due to the removal of the hemicellulose, which indirectly decreases the hollocellulose 
content and thus, increase the percentage of lignin in fiber. However, when the lignin was calculated based on the 
untreated weight of fiber, the lignin content of water pretreated fiber was lower than that of the original one. This 
finding indicates that a small part of the lignin was removed during pretreatment. 
Nevertheless, the lignin content of acid pre-treated fiber presented about 1.5% more than the untreated one. This 
phenomenon was high possibly due to the false lignin content in the fiber. According to Browning (1967) [13], the 
humidity of carbohydrates would lead to the formation of insoluble degradation products that appeared with lignin. 
Therefore, the condensation of non-lignin and lignin materials would increase the amount of apparent lignin content. 
Hence, it was believed that the lignin content retained in the fiber would remain the same, or lower than the original 
fiber.  
As the carbohydrates' analysis merely determines the percentage of simple sugar present in the samples tested 
(holocellulose in this case), to calculate the total glucose content in the fiber, the glucose content obtained from GC 
carbohydrates analysis was multiplied by the percentage of holocellulose content. Furthermore, by using the results 
of total glucose content, the theoretical glucose concentration for the fiber (1.0 g) dissolved in the hydrolysis 
solution (40 ml) could be calculated as well (Table 2 and Table 3).   
Among the three pre-treated fibers, water pre-treated fiber exhibited the highest total glucose yield followed by 
acid and alkaline pretreatment. Although alkaline pre-treated fiber showed the greatest holocellulose content 
(87.9%), its relatively high hemicellulose content caused the calculated values of both the total glucose content 
(54.6%) and theoretical glucose concentration (13.65 g/L) low. This indicated that the enzymatic saccharification 
yield of this pre-treated fiber (51.9%) would not be higher than 54.6%. Moreover, the total glucose yield calculated 
from the enzymatic saccharification yield multiplied by solid yield was only 21.9%.  
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It was noted that the acid pre-treated fiber experienced better hemicellulose elimination than water pre-treated 
fiber did, its γ-cellulose and xylose contents decreased effectively to merely 5.0% and 0.9%, respectively. However, 
total glucose yield of the former was slightly lower about 0.7% than that of the latter. This result was probably 
attributed by the substantially high lignin content remained in the acid pre-treated fiber. It was believed that the 
residual lignin in fiber can absorb the enzyme and consequently, decreases the enzyme activity during hydrolysis [9].   
3.3. Effect of aqueous pretreatments on kenaf core fibers’ enzymatic hydrolysability 
According to Table 3, the glucose yield (based on HPLC analysis) of all the pre-treated kenaf core fiber increased 
more than that of the untreated one. Obviously, with the pretreatment, the cellulose and glucose contents of the fiber 
were substantially improved. It could be seen that both the water and acid pre-treated fibers demonstrated the same 
amount of cellulose and glucose contents. Hence, this indicated that, similar to pre-treated EFB fiber, the glucose 
content of pre-treated fibers was wholly contributed by the cellulose and none from hemicellulose.  
On the other hand, the amount of glucose content of alkaline pre-treated fiber was about 1.8 % greater than that 
of the cellulose content. This suggested that the remaining high hemicellulose content in the fiber might contribute a 
small part of the glucose content as well. Apart from that, similar to pre-treated EFB fiber, the holocellulose content 
of all the pre-treated kenaf core fibers was decreased due to the reduction of hemicellulose and xylose contents. The 
reduction of xylose content revealed the effectiveness of the hemicellulose removal as it is the major simple sugar 
presents in hemicellulose. The results showed that the reduction of hemicellulose content of water and acid pre-
treated fibers was about 89.4% (or 94.4% xylose) and 91.5% (or 100 % xylose), respectively. On the other hand, 
there was only a slight removal of hemicellulose (or xylose) for alkaline pre-treated fiber, which was 46.4% (or 
29.7% xylose).  
The Klason lignin content of all the pre-treated fibers, included the alkaline pre-treated one, was increased after 
pre-treatment. When the lignin was calculated based on untreated weight of fiber, the lignin content of water and 
acid pre-treated fibers was still higher, whilst the alkaline pre-treated fiber was lower, than the untreated one. For the 
former case, the increase of lignin content could be revealed by the depolymerization and condensation of dissolved 
lignin during pretreatment. Under acidic condition, lignin was depolymerized through the homolytic cleavage of the 
α-O-bond and β-O-bond of lignin [14]. However, under elevated reaction temperatures and prolonged reaction time, 
the condensed fragments of dissolved lignin in the liquor would precipitate onto the fibers [15]. For the latter case, 
the lignin content was lower about 4% than that of the untreated one when it was calculated based on the weight of 
untreated fiber (Table 3) because lignin is readily dissolved in the alkaline medium. The high lignin content 
calculated based on the weight of pre-treated fiber was mainly due to the alkaline pretreatment was capable of 
removing more than 45% of hemicellulose (J-cellulose) from kenaf core fiber as well.  
Among the three pre-treated kenaf core fibers, water pre-treated fiber attained the highest total glucose yield, 
followed by alkaline and acid pre-treated fibers. Although acid and alkaline pre-treated fibers exhibited the same 
values of theoretical glucose concentration, the total glucose yield of the acid pre-treated fiber was relatively lower 
than that of the alkaline pre-treated fiber. This finding was basically due to the high lignin content of the acid pre-
treated fiber could reduce the enzymatic accessibility and hydrolysability of fiber. Besides, it was interesting to see 
that water pre-treated fiber presented a slightly lower total glucose content (53.1 %) (calculated from the glucose 
content (GC analysis) multiplied by the holocellulose content) than the untreated one (54.3 %) did. It was believed 
the decrease of holocellulose content to 55.9% might be also contributed by the degradation of cellulose and 
consequently decreased the total glucose content and the theoretical glucose concentration as well (Table 3).  
3.4. Comparison of the effects of aqueous pretreatments between EFB and kenaf core fibers enzymatic 
hydrolysability 
Based on the results (Table 2 and 3), water pretreatment was the most effective method on enhancing the 
enzymatic hydrolysability of EFB and kenaf core fibers towards sugar production. However, past research [9] 
showed that alkaline pretreatment was the best treatment process on enhancing the hydrolysability of kapok fiber. 
Therefore, the new finding indicated that not all the fiber need to remove both recalcitrant polymers (lignin and 
hemicellulose) at the same time. Or in the other words, the study even proved that alkaline pretreatment not the best 
choice for different types of raw material. In this case, it was believed that biomasses with different physical 
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properties need a vary pre-treatments process to improve their hydrolysability. For kapok fiber, it consists of a fine 
structure [9] whereas EFB and kenaf core fibers were in the form of vascular strand [16] and hardwood-like 
structure [17], respectively. Due to the contradicted results, it was interesting to further research in future on the case 
that happened in this study.  
Comparing the effect of aqueous pretreatments between the two fibers (Tables 2 and 3), it was noted that all the 
three pretreated EFB fibers attained higher total glucose yield in comparison to the pretreated kenaf core fibers. 
Although the latter contained lower hemicellulose (or xylose) content, which allowed better enzymatic 
saccharification, their high lignin content adversely reduced the effectiveness of enzyme activity [18]. Obviously, 
the amount of lignin content of water and acid pretreated kenaf core fibers was greater than that of water and acid 
pretreated EFB fibers about 50% and 36%, respectively. Therefore, the results denoted that although the pretreated 
kenaf core fiber possessed a higher solid yield; the high lignin amount remaining in the fiber caused a decrease of 
enzymatic saccharification yield and consequently, lowered the total glucose yield.  
Unlike the water and acid pretreated fiber, the decrease of solid yield of alkaline pretreated fiber was mainly due 
to the degradation of lignin. Based on the results, alkaline pretreated EFB fiber presented a higher lignin removal 
than the alkaline pretreated kenaf core fiber did. It was believed that the high lignin content retained in the pretreated 
kenaf core fiber was basically due to the highly removal of hemicellulose during alkaline pretreatment, which was 
not demonstrated by EFB fiber. As it could be seen that alkaline pretreated kenaf core fiber was capable of removing 
about half of the hemicellulose, whereas the pretreated EFB fiber retained about 88% of hemicellulose. In addition, 
the former did not perform good delignification as the latter did, in which the percentage of lignin removal 
(calculated based on the weight of untreated fiber) were about 21% and 68%, respectively. Although alkaline 
pretreatment could remove both hemicellulose (the most) and lignin from kenaf core fiber, the pretreated kenaf core 
fiber attained a low enzymatic saccharification yield in comparison to EFB fiber. Hence, the result indicated that the 
removal of lignin was more crucial than the removal of hemicellulose for an alkaline pretreatment [9]. 
Nevertheless, it was interesting to see that the effect of pretreatment on enhancing the enzymatic hydrolysability 
of fiber was more pronounced towards kenaf core fiber as its total glucose yield improved about 30-48 folds in 
relative to the untreated one, while the pretreated EFB fibers only attained 11-13 folds.   
4. Conclusions 
Without any pretreatment, the natural chemical and physical properties of the EFB and kenaf core fibers limited 
the conversion of sugar from cellulose by enzymatic hydrolysis. By adopting simple aqueous pre-treatments with 
water, acid and alkaline mediums, and the hydrolysability of the fiber was enhanced substantially. Among the three 
pre-treatments, water pretreatment was the most favourable method on enhancing the enzymatic hydrolysability of 
EFB and kenaf core fibers towards sugar production. Between the two fibers, pre-treated EFB fiber exhibited the 
highest total glucose yield in all the pre-treatments.  
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